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Combinations for the treatment of cancer 



The present invention relates to combinations of compounds of the class having 
the formula (I) as defined below, for example compounds of the xanfoenone acetic 
5 acid class having the formula (IT) as defined below, such as 5,6- 
djunethylxauthenon^4-acetic acid (DMXAA), or a pharmaceutically acceptable 
salt, ester or prodrug thereof and vascular endothelial growth factor (VEGF) 
binders, in particular the monoclonal antibody Avastin™ (bevacizumab). For 
example, the present invention relates to synergistic combinations of compounds 
.10 of Ihe class having the formula C) as defined below, for example compounds of 
the xamhenone acetic acid class having the formula (ID as defined below, such as 
5,6-aimethylxanthenone-4-acetic acid (DMXAA), or a pharmaceutically 
acceptable salt, ester or prodrug thereof and auti-angiogemc growth factor 
m hibitors J in particular the monoclonal antibody Avastin™ (bevacizumab), a 
15 VEGF binder. More particularly, the invention is concerned with the use of such 
combinations in the treatment of cancer.' The present invention also relates to 
pharmaceutical compositions contouring such combinations. 

5,6-Dhnethylxanthenone-4'acetic acid (DMXAA) is represented by the following 
20 formula: 



O 




O 



Three phase I clinical trials of DMXAA as a monotherapy have recently been 
25 completed, with dynamic MRI showing that it induces a significant reduction in 
tumour blood flow at well-tolerated doses. DMXAA is thus one of the first 
vascular disrupting agents (VDAs) for which activity (irreversible inhibition of 
tumour blood flow) has been documented in human tumours. These findings are in 
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agreement with, predinical studies using syngeneic murine tumours or human 
tumour Allografts which showed that its Avascular activity produced prolonged 
inhibition of tumour blood flow leading to extensive regions of haemoxxhagic 
necrosis. 

However, in these phase I clinical trials of DMXAA there were very few tumour 
responses, demonstrating that DMXAA alone does not have significant potential 
in cancer treatment as a single agent Therefore, there is a need to identify 
compounds that could have a synergistic effect with DMXAA. 



There is a new class of cancer drugs available that are not cytotoxics, but block the 
growth factor signalling pathways. Examples include Avastm™ (bevacfenmab), a 
humanised monoclonal antibody that binds to vascular endothelial growth, factor 
(VEGF). By doing so, it inhibits angiogenesis (growth of new blood vessels), 
15 " starving growing tumour of nutrients, We have surprisingly found that DMXAA 
may act synergisticajly with these new agents, enhancing their anti-cancer activity. 

Vascular Endothelial Growth Factor 

20 Tumours have been found to oversxpress certain growth factors that enable them 
to proliferate rapidly. Chief among these is VEGF. Tumours secrete VEGF, which 
stimulates endothelial proliferation and migration through two high-affinity 

— j. — j 4 ^:_^i^^^_4^ T r-.^ ^Y^^^r^T +1^#*i7qcmiTflr en rfofhetiura. 

VEGF-Rl (Plt-1) and VEGF-R2 (Flk-l/KDR). Expression levels of VEGF are 
25 negatively correlated with prognosis and survival in cancer, and inhibiting its 
binding to its receptor has been shown to improve survival. 

VEGF is targeted by Avastin™ (bevacizumab, a hurnanised monoclonal antibody 
marketed by Genentech in the US and Roche elsewhere)- The antibody binds 
30 directly to VEGF* preventing it from binding to VEGF receptors on the vascular 
endothelium. This means that ihe new blood vessels required by the tumour do not 
develop, and it cannot grow. Avastin™ combined with standard chemotherapy has 
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been shown to offer a survival advantage over standard chemotherapy alone in 
colorectal, lung and breast cancers in phase III trials. 

Previous DMXAA combination studies 

5 

DMXAA has previously been demonstrated to have synergy with a number of 
agents in xenograft studies. These agents include widely used cytotoxic 
chemotherapies such as taxanes (paclitaxel and docetaxel), pterins (cisplatin and 
carboplatin), vinca allcaloids (vincristine), antimetabolites (gemcitabine), 

10 topoisomerase E inhibitors (etoposide) and anthracychnes (doxorubicin). It is 
believed that the synergy arises because DMXAA causes necrosis in the centre of 
tumours by disrupting the blood vessels that supply the core,, but it leaves a viable 
rim of rapidly proliferating cancer cells that axe supplied by normal Hood vessels. 
These remaining malignant ceUs are targeted by the cytotoxic agents, which 

1 5 primarily act by disrupting cell division in various ways. 

DMXAA is currently in two phase E trials examining its anti-tumour efficacy in 
combination with paclitaxel and carboplatki. and one trial combining it "with 
docetaxel. Although the taxanes are believed to have anti-angiogenic properties, 

20 this is via a very different mechanism from the growth factor inhibitors. The 
cytotoxic effect of the taxanes is caused by interference with tubulin, which 
prevents normal mitosis (cell division). This, is the main effect seen at the high 
doses of the taxanes used in cancer chemotherapy. A secondary effect is 
disruption of newly fotmed blood vessels, since the cells of the new vascular 

25 endothehum depend on tubulin to maintain their shape. However, this effect is 
normally seen ooly at doses too low to be cytotoxic. Any synergy between 
DMXAA and the taxanes is thought to be a result of the targeting of different parts 
of the tumour, as described above, rather than due to its anti-angiogenic 
properties. 



30 



Other agents have also been. shown to enhance the activity of DMXAA in 
xenograft studies. Although the exact mechanism of action of DMXAA is not 
understood, it is believed to cause upregulation of various cytokines, and 

3 
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compounds with similar activity appear to enhance its effectiveness. These include 
tumour necrosis factor stimulating compounds and iromimomodiilatory 
compounds such as intracellular adhesion molecules (ICAMs), 

5 Diclofenac, an NSAJD that has been shown to enhance the anti-tumour activity of 
DMXAA, is believed to affect the PK of DMXAA via competition for metabolic 
pathways. At a concentration of 100j.iM 5 diclofenac has been shown to 
significantly inhibit glucoronidation (>70%) and 6-mefh3rlhydxo^ylation (>54%) 
of DMXAA in mouse and human liver microsomes. In vivo, diclofenac (lOOmg/kg 
10 Lp-) has been shown to result in a 24% and 31% increase in the plasma DMXAA 
AUG (area under the plasma concenlxation-trme curve) and a threefold increase in 
T m GP<CL05) in male and female mice respectively (Zhou et at (2001) Cancer 
Chemother. PhwmacoL 47 ? 319-326). Other NSAIDs have been shown to have a 
similar effect. 

15 

Similarly to diclofenac, thalidomide, which is approved for erythema nodosum 
leprosum (END), seems to enhance the activity of DMXAA. It competes for 
glucuronidatkm, prolonging DMXAA' s presence at therapeutic levels in tumour 
tissue. Thalidomide increases the AUC of DMXAA by L8 times in plasma, liver 
20 and spleen and by three times in tumour (Kestell et at (2000) Cancer Chemother: 
Pharmacol 46(2), 135-41). Thalidomide is known to have anti-angiogenic effects, 
but these are not believed to be responsible for its synergy with DMXAA. It 
would not be ejected That combining with vascular endothelial growth factor 
binder would have a similar effect to that of thalidomide on the effectiveness of 
25 DMXAA. 

Previous vascular endothelial growth factor binder combination studies 

Clinical evidence teaches away from combining different types of vascular 
30 targeting agents. It b&s been shown that Avastiu™ does not have a synergistic 
effect when used in combination with thalidomide, an angiogenesis inhibitor^ in 
metastatic renal cell carcinoma (Elaraj et at (2004) X Immunother. 27(4) (Jul- 
Aug), 259-64). 

4 
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Progression-free survival was the same in patients treated with Avastin™ alone or 
Avastin™ combined with thalidomide. In its approved indication, colorectal 
cancer, Avastjn™ is used in combination with 5~FU (5-fmorouracil), which does 
not have anti-angiogenic properties. Avastin™ has also been shown to improve 
5 median survival in breast and lung cancer patients when combined with paclitaxel. 
Although paclitaxel does have some aati-angiogenic properties, its primary 
mechanism of action in the high doses in which it is used for cancer treatment is as 
a cytotoxic, as described above. Therefore, this would not suggest that DMXAA 
would have a similar synergy with Avastin®, since DMXAA is very unlike 
1 0 paclitaxel in its mechanism of action and is not a cytotoxic. 

Description of the invention 

In a first aspect, the present invention provides a method for modulating. 
15 neoplastic growth, which comprises administering to a mammal, rncludiag a 
human, in need of treatment a compound of formula I: 

Formula I: 




20 wherein: 

(a) R4 and R5 together with the carbon atoms to which they are joined, form a 
6-membered aromatic ring having a substituent -R 3 and a radical 
-(B)-COOH where B is a linear or branched substituted or unsubstituted 
C r C<; alkylene radical, which is saturated or ethylenically unsaturated, 
25 and wherein Ri, Rz and R3 are each independently selected from the group 

' consisting of H, QrC 6 allsyl, halogen, CF 3 , CM, N0 2 , HH 2 , OH, OR a , 
WHCORVNHSQiR. 6 , SR d , S0 2 R e or NHR f , wherein each of R a , R b , R c , 
R d , R 5 and R f is independently Ci -C 6 alkyl optionally substituted with 
. one or more substitoents selected from hydroxy, amino and methoxy, or 



5 
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(b) one of IL, and Rs is H or a phenyl radical, and the other of R4 and Rs is H 
or a phenyl radical which may optionally be substituted, thienyl, furyh 
naphthyha Cj-Ce alkyl, cycloalkyL oraraliyl radical; Ri is H or a Ci-C< 
5 alkyl or C r C 6 alkoxy radical; R 2 is the radical ~(B)~COOH where B is a 

linear or branched substituted or unsubstituted Ci-C 6 atkylene radical, 
which is saturated or ethylenically unsaturated, 

or a phannaceutically acceptable salt, ester or prodrug thereof and concomitantly 
10 or sequentially administering a vascular endothelial growth factor binder. 

Where (B) in the radical -(B)-COOH is a substituted Ci-C 6 alkyl radical, the 
snbstitnents may be aXbyh for example methyl, ethyl, propyl or isopropyl, or 
haHde such as fluoro, chloro or bromo groups. A particularly preferred substitnent 
15 is methyl. 

In one embodiment of the first aspect of the invention, the compound of the 
formula (I) as denned above is a compound of the formula (H), 




20 B - COOH 

Formula (H) 

where R i5 R4, R5 and B are as defined above for formula (T) in part (b> 

25 In a further embodiment of the first aspect of the invention, the compound of 
formula (T) as defined above is a compound of the formula (EH) 
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Formula (HI) 
O 




wherein Ri, R 2 and R 3 axe each independently selected fom the group 
5 consisting of H, d-C 6 dkyl. halogen, CF 3 , CN, N0 2 ,.NH 2 , OH, OR% 

;NHCOR b , MHS0 2 R c , SR d , S02R e or NHR f , wherein each of R a , R b , R c , R d , R B 
and R f is independently Cj. ~C 6 attyl optionally substituted with one or more 
substitaents selected from hydroxy, amino and methoxy; 

10 -wherein B is as defined fox formula <T) above; 

and wherein in each of the carbocyclic aromatic rings in formula 00, up to two of 
the metbine (-CH=) groups may he replaced by an aza (-N=) group; 

15 and wherein any two of R* and Rs may additionally together represent the 
group -CH=CH-CH=CH-, such that this group, together with the carbon or 
nitrogen atoms to which it is attached, forms a fused 6 membered aromatic ring- 

For example, the compound of formula (HI) may be a compound of the formula 
20 (TV): 
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wherein R, Ri, Rz and R3 are as defined for formula (III). 

5 

In one embodiment of the compound of formula (TV), R2 is H, one of Ri and R 3 is 
selected from the group consisting of C a -C 6 alkyl, halogen, CF 3 , CN, NO^ ISffik, 
OH, OR a , NHCOR b , NHSOaR c , SR d , S0 2 R B orlGlR* wherein each of R*, R b , R°, 
R d , R B and R f is independently C x -C 6 alkyl optionally substituted with one, or 
1 0 more substituents selected from hydroxy, amino and methoxy, and the other of Ri 
and jRgisH. 

In one embodiment, in the compound of formula (I) R4 is H or a phenyl radical, R> 
is H or a phenyl radical which may optionally be substituted, thienyl, fuiyh 
15 naphthyl, a C r C 6 aliyl cycloalkyl, or aralkyl radical; Rj is H or a C r C 6 alkyl or 
d-Ce alkoxy radical; R 2 is radical -CB>COOH where B is a linear or branched 
substituted or unsubstituted C r C 6 alkylene radical, which is saturated or 
ethylenically unsaturated. 

20 For example, the compound of formula (TV) may be a compound of the formula 
(V): 



|jjfl5/»2i:^2^.Mari06::':|:Q;:3 : il 
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Formula (V) 




wherein R, Ri, Rz and R3 are as defined fox formula IV. 

The compound of formula (V) may be, for example, 5 s 6-dimemytathenone-4- 
acetic acid (DMXAA). 

Pharmaceutically-accepta-ble salts include acid addition salts and base addition 
salts. Such salts may be formed by conventional means, for example by reaction 
of a free acid or a free base fonn of a compound of formula I with one or more 
equivalents of an appropriate acid ox base, optionally in a solvent, or in a medium 
in which the salt is insoluble, followed by temoval of said solvent, or. said 
medium, using standard techniques (e.g. in vacuo, by freeze-drying or by 
ffltration). Salts may also be prepared by exchanging a counter-ion of a 
compound of the invention in the form of a salt with another counter-ion. for 
example using a suitable ion exchange resin. 



20 Compounds of Ihe invention may contain double bonds aud may thus exist as E 
(zntgegen) and Z {msammen) geometric isomers about each individual double 
bond. AH such isomers and mixtures thereof are included within the scope of the 
invention. 

25 Compounds of the invention may also exhibit tautomerism. All tautomeric forms 
and mixtures thereof ate included vvitbin the scope of the invention. 
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Compounds of the invention may also contain one or more asymmetric carbon 
atoms and may therefore exhibit optical and/or (^stereoisomerism. 
Diastereoisomers may be separated using conventional techniques, e.g. 
chromatography or fractional crystallisation. . The various stereoisomers may be 
5 isolated by separation of a racemic or other mixture of the compounds using 
conventional, e.g. fractional crystallisation or HPLC, techniques. Alternatively 
the desired optical isomers may be made by reaction of the appropriate optically 
active starting materials under conditions which will not cause racemisation or 
epimerisation (i.e. a 'chiral pool' method), by reaction of the appropriate starting 

1 0 material with a 'chiral auxiliary' which can subsequently be removed at a suitable 
stage, "by derivation (i.e. a resolution, including a dynamic resolution), for 
example- with a homocMral acid followed by separation of the diastereomeric 
derivatives by conventional means such as chromatography, or by reaction with an 
appropriate chiral reagent or -chiral catalyst all under conditions known to the 

15 skilled person. All stereoisomers and mixtures thereof are included vvithin-the 
scope of the invention- 

In another aspect, the present invention provides the use of a vascular endothelial 
growth factor binder for the manufacture of a medicament (e.g. a unit dose of the 
20 medicament), for simultaneous, separate or sequential adnnnistration with a 
compound of formula (I) as defined above or a pharmaceutical^ acceptable salt, 
ester or prodrug thereof (e.g. a unit dose of the compound of formula CO as 
defined above or a pharmaceutical!}- acceptable salt, ester or prodrug thereof)-, for 
the modulation of neoplastic growth. 

25 

hi a further aspect, the invention provides the use of a compound of formula (T) as 
defined above or a pharmaceutical^ acceptable salt or ester thereof for the 
manufacture of a medicament (e.g. a unit dose of the medicament), for 
simultaneous, separate or sequential adntinistxation with a vascular endothelial 
30 growth factor binder (e.g. a unit dose of the vascular endothelial growth factor 
binder), for the modulation of neoplastic growth- 
According to one aspect, the neoplastic growth is a tumour and/or a cancer.- 

.10 
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In a farther aspect, the cancer is one or more of ovarian, prostate, lung, colorectal, 
breast, pancreatic and renal cancer. 

In a further aspect, there is provided a pharmaceutical formulation (e.g. in a unit 
5 dose) comprising a combination of a compound of formula (I) as defined above or 
a pharmaceutical^ acceptable salt or ester or prodrug thereof (e.g. in a unit dose) 
and a vascular endothelial growth factor binder (e.g. in a unit dose). 

In one embodiment there is provided a compound according to formula I or a 
10 ' pharmaceutical^ acceptable salt, ester or prodrug thereof and a vascular 
endoihelial growth factor binder for use (hi combination) as a medicament for the 
modification of neoplastic growth. 

Furthermore, the invention also provides a kit comprising in combination for 
15 simultaneous, separate or sequential use in modulating neoplastic growth, a 
compound of formula (L) as defined above or a pharmacentically acceptable salt or 
ester or prodrug thereof and a vascular endothelial growth factor binder. 

' The compound of formula (T) as defined above or pharmaceutical^ acceptable salt ■ 
20 or ester or prodrug thereof and the vascular endothelial growth factor binder may 
be administered sequentially or concomitantly. For example, the compound of 
formula (I) as defined above or pharmacentically acceptable salt, ester or prodrug 
mereof and the vascular endothelial growth factor binder may be administered 
concomitantly. 



25 



In one embodiment, the pharmaceutically acceptable salt is a sodium salt. 



The compound" of formula (I) as defined above or pharmacentically acceptable 
salt, ester or prodrug thereof and the vascular endothelial growth factor binder 
3 0 may be aaministered simultaneously, separately or sequentially. 

In one embodiment, the vascular endothelial growth factor binder is a monoclonal, 
antibody. 

11 
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In a further embodiment, vascular endothelial growth factor binder (VEGF) is 
Avastin™ (bevacizumab). 

! 

' The amount of a combination of a compound of formula (I) as defined above or 

5 pharmaceutical^ acceptable salt, ester or prodrug thereof and a vascular 
endothelial growth factor binder required to be effective as a modulator of 
neoplastic growth will, of course vary and is ultimately at the discretion of the 
medical practitioner- The factors to be considered include the route of 
: administration and nature of the formulation the mammal's bodyweight, age arid 

1 0 general condition and the nature and severity of the disease to be treated 

A suitable effective dose of a compound of formula (I) as defined above, or a 
: pharmaceutical^ acceptable salt ester or prodrug thereof, for administration, 

j concomitantly or sequentially, with a vascular endothelial growth factor binder, 

1 5 for the treatment of cancer is in the range of 600 to 490Qmg/m 2 . For example from 

2500 to 4000 mg/m 2 , for example from 1200 to 3500mg/m 2 , for example from 

2000 to 3000 rag/m*, for example from 1200 to 2500 mg/m\ for example from 

2500 to 3500 mg/m 2 , for example from 2250 to 2750 mg/m* 

• 20 A suitable effective dose of vascular endothelial growth factor binder, for 

; admMstration concomitantly or sequentially with a compound of formula (I) as 

; defined above or pharmaceutically acceptable salt, ester or prodrug thereof for the 

j freatoent of cancer is In the range of 1-1 Qmg/kg* for example about 5mg/kg, 

25 A compound of formula (J) as defined above or pharmaceuticaHy acceptable salt, ■ 
. ester ox prodrug thereof and the vascular endoethelial growth factor binder may be 

administered in any suitable form, for example in the form of a pharmaceutical 
formulation. 

30 Pharmaceutical formulations comprise the active ingredients (that is, the 
combination of a compound of formula (I) as defined above at pharmaceutical^ 
acceptable- salt ester or prodrug thereof and the vascular endothelial growth factor 
j binder, for example together with one or more pharmaceuticaHy acceptable 

12 
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earners therefor aud optionally other therapeutic and/or prophylactic ingredients. 
The carrier(s) must be acceptable in the sense of being compatible with the other 
ingredients in the formulation and not deleterious to the recipient thereof. 

5 Accordingly, the present invention provides a pharmaceutical formulation 
comprising a combination of a compound of formula <T) as defined above or 
pharmaceutical^ acceptable salt, ester or prodrug tiiereof (e.g. a unit dose of a 
compound of formula (I) as defined above or pharmacentically acceptable salt, 
ester or prodrug thereof) and a vascular endothelial growth factor binder (e.g. a 
10 ' unit dose of the vascular endothelial growth factor binder), for example in 
association with one or more pharmaceutical^ acceptable carriers therefor. 

The invention further provides a process for the preparation of a pharmaceutical 
formulation which process comprises bringing into association a combination of a 

15 compound of formula (1) as defined above or a pharmaceutical^ acceptable salt 
ester or prodrug thereof (e.g. a unit dose of a compound of formula (I) as defined 
above or pharmaceutical^ acceptable salt, ester or prodrug thereof} and a vascular 
endothelial growlh factor binder (e.g. a unit dose of the vascular endothelial 
growth factor binder) optionally together with one or more pharmaceuticaUy 

20 acceptable carriers therefor in For example, the pharmaceutical formulation may 
be in a unit dose. 

The pharmaceutical formulation may be delivered intravenously. The 
pharmaceutical formulation for intravenous administration may be used in the 
25 form of sterile aqueous solutions or in an oleaginous vehicle which may contain 
Other substances, for example, enough salts or glucose to make the solution 

isotonic with blood. The aqueous solutions may be buffered (e.g. to apH from 3 to 

9), if necessary. 

30 As used herein, the term "prodrug" includes entities that have certain protected 
group(s) and which may not possess pharmacological activity as such, but may, in 
certain instances, be administered (such as oraEy or parenteraUy) and mereafter 
metabolised in the body to form the agent which are pharmacologically active. 

13 
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DeseriptioB of the Figures 

Figure 1 : shows the average tumor volume (relative to -the average volume on the 
first day of treatment) for HT29 (colorectal) xenografts observed for an untreated 
5 control group of mice and for mice given (i.e. treated with) Avastin™ (alone), 
DMXLAA (alone), or a combination of Avastin™ and DMXAA 

Figure 2 : is a representation of the same data used to generate Figure 1, but 
expressed in terms of the percentage of mice having tumor volume less than four 
1 0 times the volume measured on the first day of treatment. 

Figures 3 and 4 ; show equivalent data to Figures 1 and 2 ? respectively, but for 
A549 (lung carcinoma) xenografts. 

15 Examples 

Xenografts for human lung and colorectal cancers are set-up in groups of nude, 
athymic mice. The ceE lines selected are HT29 (ATCC number HTB-38), a 
colorectal adenocarcinoma, and A549 (ATCC number CCL-185), a lung 
20 carcinoma. 

The A549 and HT29 cell lines are selected as DMXAA has previously been 
shown to be effective m these cell- lines when used in. combination -?wfe-pae!iteqcet 
or 5-FU in xenograft studies. In addition, Avastin™ is currently approved for 
25 treatment of colorectal cancer in combination with 5-FU and approval is being 
sought for use on breast and non-small cell lung carcinoma. : 
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G^up Cell line Treatment Dose level No. of mice 

(mg/kg) 



1 


A549 


Untreated control 


- 


10 


2 


A549 


DMXAA 


21 


10 


3 


A549 


Avastin™ 


5 


10 


4 


A549 


DMXAA + 


21 & 5 


10 






Avastih 0 * 






5 


HT29 


Untreated control 




10 


6 


HT29 


DMXAA 


21 


10 


7 


HT29 


Avastin™ 


5 


10 


8 


HT29 


DMXAA + 


21 & 5 


10 



Avastin™ 



DMXAA has been given previously using a day (D) 0, 4 and 8 schedule when 
h . ^edinconibmationwithp^Htaxelc«docetaxel.Fo 

! 5 twice in each of Weeks 1 and 4 of the study. Avastin™ is given twice weekly for 

four weeks, 

i 

Xenografts are measured two or three times per week and their absolute volume 
recorded; xenograft tumour volume relative to that recorded on Day 0 (V 0 ) is then 
10 calculated. The time taken to reach a relative tumour volume of 3x V 0 is used as a 
surrogate marker for survival. 

Results 

15 Tables 1 and 2 below, as well as Figures 1 to 4 show that the combination of 
Avastin™ and DMXAA (labelled AS1404 in the figures) provides an unexpected 
synergistic effect in delaying tumor growth 

15 
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Table i- Results of studies with HT29 xenografts. 



Group Dose(jn g /kg Drug Median VQT Tumor Growth Regression 

by injection) deaths (Range; days) Delay 81 (Day s) Duration (Days) 
Avastin 5 .0/11 34(32-43) 17 0 

DMXAA 21 5/11 46(43 - 53) ' 29 10 

Avastin + 5+21 4/11 57(53-76) 40 10 

DMXAA „ 

u The difference in days for treated versus control tumors to quadrupled m 
volume (control tumors quadrupled in 17 (14 - 23) days). 

Table 2. Results of studies with. A549 xenografts. 



Group Dose(mg/Lcg Drug Median VQT Tumor Growth Regression 

by injection) deaths (Range; days) Delay^ (Day s) Duration (Days) 

Avastin 5 0/12 >62 >37 0 

DMXAA 21 1/12 59(46-70) 34 0. 

Avastin + 5+21 2/12 > 80 >55 52 
DMXAA „ . 



10 ^ The difference in days for treated versus control tumors to quadrupled in 
volume (control tumors quadrupled iu 17 (14 - 23) days). . 

h Tumor regression duration is tae number of days that fee tumor volume is less 
than the original treatment volume- 

15 Abbreviations 

VQT = (to^aor) volume quadrupling time 
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CLAIMS 

1. A method for modulating neoplastic growth, which comprises 
admirustering to a mammal, including a human, in need of treatment a compound 
5 of foramla (I): 

Formula (I) 
O 

X il ^R 4 
wherein: 

(a) R* and R> together with the carbon atoms to which they are joined, form a 
10 6-memhered aromatic ring having a substitiient -Rs and a radical -(B)- 

COOH where B is a linear or branched substituted or -^substituted C r C 6 
alfcylene' radical, which is saturated or emylenically tmsaturated, and 
wherein Ri, R 2 and R 3 are each independently selected, from the group 
consisting of H, Ci-C 6 alkyl, halogen, CF 3} CN, N0 2 , NE 2 , OH, OR a , 
15 MHCOR b , NHS0 2 R\ SR d , S0 2 R* or NHR f , wherein each of R a , R b , R° s 

R* R e and R f is independently C 3 -C 6 alkyl optionally substituted with 
one or more substituents selected from hydroxy, amino and metboxy; or 

• (b) one of Rt and R 5 is H or a phenyl radical, and the other of R4 and R 5 is H 
20 or a phenyl radical wbich may optionally be substituted, thienyl, furyl, 

napbmyl, a C r C 6 alkyl, cycloaUsyl, ox aralkyl radical; Ri is H or a d-C 6 
aliyl or C r C 6 alkoxy radical; R 2 is the radical -(B)-COOH where B is a 
linear or branched substituted or unsubstituted Cj-Ce alfeylene radical, 
which is saturated or elhylenically unsaturated, 



or a pharmaceutically acceptable salt, ester or prodrug thereof and 
concomitantly or sequentially administering a vascular endothelial growth 
factor binder, 
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2, The method according to claim 1 wherein the compound of Formula (I) is 
a compound of Formula (H) : 

Formula (II) 
O 




B-COOH 

wherein Rj, R4, Rs and B are as defined for formula (I) in claim 1 part (b). 

3 . The method according to claim 1 wherein the compound of Formula (t) is 
a compound of Formula (IH): 




10 



15 



20 



Formula (HE) 

wherein Ri, R 2 and R 3 are each independently selected from 1he group 
consisting of H, Ci-C 6 alkyl, halogen, CF 3s CN, NO*, NH 2 , OH, OR', 
"NHCOR?, MIS0 2 R% SK\ S0 2 R e orKBR 11 , wherein each of R a , R b , R* 5 K*, 
R e and R f is independently C x -<k a&yl optionally substituted with one or 
more substttuents selected from hydroxy, amino and raethoxy ; 

wherein B is as defined for formula (£) in claim 1 ; 

and wherein in each of the carbocyclic aromatic rings in formula (T) } up to 
two of the methine (-CEH groups may be replaced by an aza group; 
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and wherein any two of Ru &z and R3 may additionally together .represent 
the group -CH=CH-CH=CH^ such that this group, together with the 
carbon or nitrogen atoms to which it is attached, forms a fused 6 
membered aromatic ring. 

4. The method according to claim 3, wherein the compound of Formula (HI) 
is a compound of Fatmula (IV) : 

Formula (TV) 




o 



1 0 wherein Rju R2 and R 3 are as defined for formula (TCD in claim 3 . 



5. The method according to claim 4 wherein the compound of Formula (TV) 
is a compound of formula (V): 




15 Formula (V) 

wherein K, Ri, R2 and R3 are as defined for formula IV in claim 4. 

6. The method-according to claim 1, wherein the compound of Fonruda (I) is 
20 DMXAA or a pharmaceuticaJiy acceptable salt, ester ox prodrug -thereof. 
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7. A method according to my of claims 1 to 6 wherein the compound of 
formula (I) or a pharmaceutical acceptable salt, ester or prodrug thereof and the 
vascular endothelial growth factor binder are administered concomitantly. 

5 8. A method according to any one of the claims 1- to 6 wherein the compound 
of formula CO or pharmaceutically acceptable salt, ester or prodrug thereof and the 
vascular endothelial growth factor binder are administered sequentially. 

9. The method according to any one of the preceding claims wherein the 
10 vascular endothelial growth factor binder is a monoclonal antibody. 

10. The method according to claim 9 wherein the vascular endothelial growth 
factor binder is Avastiu™ (bevacizumab), 

15 11. The method according to any one of the preceding claims wherein the 
method further comprises modulation of neoplastic growth in one of more of 
ovarian, prostate, lung, colorectal, pancreatic, breast and renal cancer. 

12. Use of the compound according to any one of claims 1 to 6 or a 
20 pharmaceutically acceptable salt, ester or prodrug thereof for simultaneous, 

separate or sequential a&nimshation with a vascular endothelial growfh factor 
binder, for the modulation of neoplastic growth. 

13. Use according to claim 12 wherein the vascular endothelial growth factor 
25 binder is a monoclonal antibody. 

14. Use according to claim 13 wherein the vascular endothelial growth factor ' 
is Avastin™ (bevacizumab) - 

30 15- Use according to claim 12, 13 or 14 wherein the compound is DMXAA or 
a pharmaceutically acceptable salt, ester or prodrug thereof. 
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16. Use according, to any one of claims 12 to 15 wherein the modulation of 
neoplastic growth is in one of more of ovarian, prostate, lung, colorectal, 
pancreatic, breast and renal cancer. 

5 17. Use of a vascular endothelial growth factor binder for the manufacture of a 
medicament, for simultaneous, separate or sequential admMstration with a 
compound according to any one of claims 1 to 6 or a pharmaceutical^ acceptable 
salt, ester or prodrug thereof; for the modulation of neoplastic growth. 

10 18. Use of the compound of formula (T) according to any one of claims 1 to 6 
or apharmaceutically acceptable salt, ester or prodrug thereof for the manufacture 
of a medicament, for simultaneous, separate or sequential admimstratiou. with a 
vascular endothelial growth factor binder, for the modulation of neoplastic growth. 

15 19. Use according to claim 17 or claim 18 wherein the vascular endothelial 
growth factor binder is bevacizumab. 

20. Use according to any one of claims 17 to 1 9 wherein compound of formula 
Q is DMXAA or a phannaceutically acceptable salt, ester or prodrug thereof. 

20 

21. A pharmaceutical formulation comprising a combination of a compound 
ajccording to any one of claims 1 to 6 or a phaxrnaceutically acceptable salt, ester 
or prodrug thereof and a vascular endothelial growth, factor binder. 

25 22. The pharmaceutical formulation of claim 21 wherein the pharmaceutical 
formulation further comprises a pharmaceutical^ acceptable carrier. 

23. A pharmaceutical formulation according to claim 21 or claim 22 wherein 
the formulation is adapted for intravenous administration. 



30 



24. A phacmaceutical formulati.on according to any one of claims 21 to 21 
wherein the vascular endothelial growth factor binder bevacizumab. 
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25 A pharmaceutical formulation according to any one of claims 21 to 24 
wherein the compound of formula (Q b *>MXAA or a P^aceatically 
acceptable salt, ester or prodrug thereof. 

5 26. A compound according to any one of claims 1 to 6 and vascular 
endothelial growth factor hinder for modulating neoplastic growth. 

27. The compounds according to claim 26 wherein the vascular endothelial 
growth factor hinder is bevacisumah- 
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28. The compounds according to claim 26 or claim 27 wherein the compound 
of formula © is DMXAA or a pharniaceutically acceptable salt, ester or prodrug 
, thereof. 

15 29. A process for the preparation of a pharmaceutical formulation which 
. process comprises bringing into association a compound according to any one of 
claims 1 to 6 or a phannaceutically acceptable salt, ester or prodrug thereof and a 
vascular endothelial growth factor binder. • • 

20 30. The process according to claim 29 wherein the compound according to any 
one of claims 1 to 6 or a pharmaceutical^/ acceptable salt, ester or prodrug thereof 
and the vascular endothelial growth factor binder are brought into association with 
one or more pharmaceutical^ acceptable carriers therefor. 

25 31, The process according to claim 29 or 30 wherein the vascular endothelial 
growth factor binder is bevacizumab. 

32. The process according to any of claims 29 to 31 wherein the compound of 
formula (T) is DMXAA or a pharmaceutical^ acceptable salt, ester or prodrug 

30 thereof. 

33. • A Ht comprising in combination for simultaneous, separate or sequential 
use in modulating neoplastic growth, a compound according to any one of claims 
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1 to 6 or a pliarmaceutically acceptable salt, ester or prodrug thereof and a 
vascular endothelial growth factor binder. 

34. The kit according to claim 33 where** the growth, factor rahiMtor is 
5 bevatizutfiak 

35. The Jdt according to claim 32 or 33 wherein the compound of formula (T) 
is DMXAA or a phaxxaaceutically acceptable salt, ester or prodrug thereof. 
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ABSTRACT 

. COMBINATIONS FOR THE TREATMENT OF CANCER 

5 The present invention relates to combinations of compounds such as compounds 
of the xantoone acetic acid class such as S^-d^ethylxanthenone^-acetic acid 
CDMXAA) and vascular endothelial gro^vth factor binders, in particular the 
monoclonal antibody Avastin™ (bevacizumab). More particularly, the invention 
is concerned ™,th the use of such combinations in the treatment of cancer and 
10 phatmaceutical formulations containing such combinations. 
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-Untreated Contrple 
— rfr— Avasttrt (5 mg'kg; i-P4 bwk x 4) 

AS1404 (21 rag/kg; t.v; bwk @ wk1 & wk4) 
-Avastln + AS 1404 (as above} 
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pays (Relative to Day 0 of Treatment) 



Figure 1. Average tumor volume (relative to the average volume on the fixst 
day of treatment) for HT29 (colorectal) xenografts observed fox an 
'untreated control group of mice and for mice treated wfli 
• Avasti*™ ' (alone), DMXAA (alone), or a combination of 
Avastin™ and DMXAA.- 
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O Untreated controls 
— Avastln (6mg/lcg; i.p.; bwkx4) 
— AS-U04 (21 ma'i<B: i.v; bwK @ wki &-wk4) 
— H— Avastln + AS1404 (afi above) 
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Figure 2. 
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10 20 30 40 50 60 70 80 
Days (Relative To day 0 Of Treatment) 

Percentage of HT29 xenograft mice (from groups receiving no 
treatment or Avastin™, DMXAA (AS1404) or combined 
Avastm™ / DMXAA (AS1404) treatment) 'having tumor volume 
less than four, times the volume measured on the first day of 
treatoent 
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— Untreated Controls 

Avastin (B mg/kg', Lp,; bwk x 4) 
— AS1404 (21 mg/kg; i,v; bwk @ wk1 & wk4) 
— &- Avastin + AS1404 (as above) 

i 
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Days (Relative to Day 0 of Treatment) 



Figure 3. Average tumor volume (relative to the average volume on the first . 

day of treatment) for A549 xenografts observed for an untreated 
control group of mice and for mice treated with. Avastin™ (alone), 
DMXAA (alone), or a combination of Avastin™ and DMXAA 
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-©-Untreated Controls 
-sir-Avastin (5 mg/kg; i.p„; bwkx4) 
-*-AS1404 (21 mg/kg; i.v; bwk@wk1 & wk4) 
-B~Avastin + AS1404 (as above) 
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Figure 4. 



Percentage of A549 xenograft mice (from groups receiving no 
treatment or Avastin™ DMXAA (AS1404) or combined 
Avastin™ / DMXAA (AS 1404) treatment) having tumor volume 
less than four times the volume measured on the first day of 
treatment 
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